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CO2 emissionsWhile some countries have made progress in encouraging more sustainable transport and travel patterns,
there are limits as to how far this can be taken simply by looking at the decarbonisation of transport systems,
since most travel is a derived demand and hence is strongly inﬂuenced by decisions taken by public and pri-
vate sector agencies in different sectors. The paper ﬁrst identiﬁes some of the major non-transport sector in-
ﬂuences on different aspects of travel behaviour. It then looks in more detail at changing patterns of grocery
shopping over the last half century, and how these changes have been associated with new non-transport
technologies and accompanying developments in business and social practices. Next, a simple visual spread-
sheet tool is presented, that has been used by agencies to explore the main cross sector impacts (both posi-
tive and negative) of their major location and operating decisions. Finally, the paper proposes three ways in
which cross sector synergies can be encouraged: (i) by giving each sector or major organisation responsibility
for all CO2 emissions associated with its activities, including those generated by the travel of its staff,
customers, suppliers, etc.; (ii) by making major policy making within government a cross sector activity;
and (iii) by developing a common, cross sector appraisal methodology for assessing the full range of impacts
of policy proposals.
© 2011 International Association of Trafﬁc and Safety Sciences. Published by Elsevier Ltd. All rights reserved.1. Introduction
In most countries, policy-making takes place in a series of themat-
ic ‘silos’, with one ministry responsible for a particular sector of the
economy. For example, education policy is formulated and imple-
mented by a Ministry or Department of Education, and the same ar-
rangements apply to health, industrial policy, etc. Transport policy,
similarly, is usually the responsibility of a Ministry or Department of
Transport. While this policy mechanism is administratively simple
to operate, it is not very effective when issues are not sector-
speciﬁc, such as social exclusion or obesity, which have multiple
causes and require policy measures which cut across several sectors.
In practice, transport ﬁnds itself in a similar situation. While at one
level it is a clearly identiﬁable sector of the economy, this is just the
‘tip of the iceberg’. Since transport is primarily a derived demand,
the underlying drivers of demand result from actions in other parts
of the economy (e.g. health, education, retailing), and are heavily
inﬂuenced by a country's wider social and cultural context. The
ways in which that demand is manifest, and the scope for using dif-
ferent sustainable modes of transport to meet that demand, is highly
dependent on land use planning policies; and the extent to whichssociation of Trafﬁc and Safety Scienmovement can, for example, be made using low carbon vehicles part-
ly dependents on decisions taken in the energy and industrial sectors.
Often, policies in a non-transport sector may have a negative im-
pact on the achievement of sustainable transport policies within the
transport sector. In the UK, for example, the national government
had pursued a ‘choice’ agenda that encourages people to attend
their ‘best’ schools and hospitals; often these will not be the closest
ones to their homes, thereby increasing trip lengths (and CO2 emis-
sions) and reducing the feasibility of travelling there on foot or by
cycle [1]. Based on National Travel Survey ﬁgures, between 1997
and 2006 the average distance travelled to primary school increased
from 1.3 to 1.5 miles, and to secondary school from 2.9 to 3.4 miles
[2].
The extra transport costs arising from locational decisions taken in
other sectors are not usually factored into their investment decisions.
For example, MRC [1, p.19] provides the example of a new £30million
school built in Corby as part of a ﬂagship national government
scheme:
“But the new Academy is sited out of town, replacing a previous
in-town location, and new pupil bus services cost an additional
£300,000 per year. These costs were not attributed to the school
development costs.”
Thus, in considering how to encourage more sustainable patterns
of personal travel in the future—if we are to make substantiallyces. Published by Elsevier Ltd. All rights reserved.
Table 1




Trip frequency Business policies and social practices
Scope for telecommunication substitution
Trip length Business policies (e.g. dispersed or concentrated provision)
Land use patterns (density, mixed use or zoning, etc.)




Taxation and charging policies
Sources of electricity generation
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come increasingly necessary to look to cross-sector co-operation
and solutions.1 MRC [1] carried out a study for the UK Commission
for Integrated Transport, to examine the extent to which non-
transport sectors take into account the transport implications of
their decisions, but found very little evidence of this recognition be-
yond some links between land use and transport planning.2 But,
even here (page 21):
“The problem has been reframed as a transport problem, not a ser-
vice issue. Therefore solutions are sought in the provision of addi-
tional transport rather than in changing the way that decisions [by
the other sectors] are made”.
This paper explores ways in which these cross-sector links that are
crucial to achieving more sustainable transport systems and travel
patterns can be conceptualised, identiﬁed and realised. Section 2
ﬁrst identiﬁes the various inﬂuences that can affect different aspects
of travel demand and its realisation. Section 3 takes the example of
grocery shopping and shows how this behaviour pattern has chan-
ged over time, as a result of developments in non-transport tech-
nologies in conjunction with changes in business and social
practices. Section 4 illustrates a simple spreadsheet tool that has
been developed to explore cross-sector impacts with policy makers,
using health centre relocation policy as an example. Section 5 con-
siders what might be done to facilitate cross sector working, to en-
courage synergies that contribute to the achievement of more
sustainable transport. Finally, Section 6 presents some brief conclu-
sions and recommendations.2. Cross-sector inﬂuences on personal travel
There are several components of a given pattern of travel behav-
iour, each of which is inﬂuenced by technologies and prevailing pat-
terns of behaviour in several other sectors. This is illustrated in
Table 1.
The table divides travel decisions into four primary components:
trip frequency, trip length, mode choice and vehicle type.3 The trip
frequency for a given purpose depends on the frequency with
which the associated activity needs to be carried out, which in turn
is inﬂuenced by business and social practices, and by whether the un-
derlying activity can be undertaken (at least to some extent) without
the need for travel, for example through tele-banking or tele-
working. Trip length depends on the locations where the activities
can be undertaken, which is inﬂuenced primarily by business prac-
tices (e.g. consolidation or dispersion of site-based facilities), and by
local land use policies and spatial patterns: whether densities are
high or low, and whether land uses are zoned or mixed.
Mode choice is heavily inﬂuenced by policies under the direct
control of the transport sector, such as the availability of public trans-
port services (both spatially and temporally) and the cost of trans-
port, as well as the provision made for other modes through the
construction of cycle paths, and by the extent to which car use is dis-
couraged through limited parking provision, etc. But it is also inﬂu-
enced by land use policies which affect trip length (as noted above)
and by the connectivity of the street network pattern, which1 Similarly, there is growing recognition in other government sectors of the role that
transport can play in helping to meet their objectives, ranging from stimulating eco-
nomic growth to reducing obesity; but those perspectives are not addressed in this
paper.
2 Countries such as the UK can require developers to provide a minimum level of
non-car access to major new developments, and require planning authorities to apply
a ‘sequential test’, to give preference to town centre over out-of-town retail develop-
ment [3].
3 There are other components of choice, such as timing and route, which are not in-
cluded in this discussion.determines the directness with which journeys can be made by dif-
ferent modes and the extent to which bus and tram services can pen-
etrate into residential and commercial areas; here cul-de-sac type
developments make it particularly difﬁcult to provide attractive alter-
natives to car travel (e.g. [4]).
Finally, the choice of private vehicle type—affecting, in particular,
its level of CO2 emissions—is affected not only by market availability
and pricing, but also by vehicle taxation policies and by any other
charges that are emissions-related (e.g. parking and congestion
charging: [5], [6]). While, where fully electric vehicles are used,
their ‘true’ carbon footprint is totally dependent on the particulars
of the manufacturing process and decisions taken in the electricity
generation and distribution industries.
The next section illustrates how developments in disparate tech-
nological areas coupled with social/business practices in different
sectors, can come together to encourage signiﬁcant changes in ev-
eryday behaviour patterns, using the example of grocery shopping
behaviour.
3. Inﬂuence of different socio-technical clusters on changing
patterns of grocery shopping
There is a growing body of literature which recognises the impor-
tance of the interplay between technologies and business and social
practices in explaining major transitions in patterns of behaviour
and consumption. Brand [7] explores the notion of the synchronisa-
tion of technologies and business practices as a basis for changing be-
haviour patterns, while Geels [8] examines the wide range of factors
which co-evolved in order to support the widespread adoption of var-
ious advances in transport technologies (e.g. the switch from horse
drawn transport to the internal combustion engine). A growing liter-
ature describes this as the ‘socio-technical approach’. But very little of
this literature has explored the effects of developments in non-
transport sectors on patterns of travel behaviour. This section applies
these principles to explain the emergence of different grocery shop-
ping practices and associated travel patterns, over time.
Fig. 1 illustrates, in a simpliﬁed manner, the ways in which grocery
shopping would typically have been accomplished in the ﬁrst half of
the twentieth century in more advanced Western countries. Provi-
sions would be sold in a series of small, local, family-owned specialist
shops where the premises were constructed from local materials of
brick/stone, tile and wood. The shops would obtain most of their sup-
plies of fresh foods from farms or food processing businesses in the
surrounding region, with tinned foods coming from further aﬁeld.
Households would typically shop on a daily basis, carrying their pur-
chases home on foot, and paying for them in cash.
Fig. 2 shows how this traditional pattern had, to a large extent,
radically changed by the end of the twentieth century.4 Now most
grocery shopping is carried out by visiting one supermarket site,
offering a very broad product range; the very large building is4 Although local shopping patterns still exist, the bulk of grocery shopping expendi-
ture is now accounted for by Cluster Two patterns of behaviour.
Fig. 1. Socio-technical Cluster One—ﬁrst half of the twentieth century.
Fig. 2. Socio-technical Cluster Two—late twentieth century.
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on the edge of town or outside the built up area close to a high
speed road network. Products are now sourced from around the
world, using global communications systems and delivered using ad-
vanced logistics. Most people make weekly grocery shopping trips by
car, which have sufﬁcient storage space to carry this size and weight
of goods. Payment is made either using cash or credit card.
However, underpinning this socio-technical cluster is the inven-
tion of the fridge-freezer, without which it would not be possible to
have global supply chains, nor for households to store fresh foods
for a period of a week, or much longer in the case of frozen foods.
And, at a higher level, most of this would not have been possible
without the widespread availability of electricity.
Finally, Fig. 3 shows an emerging pattern of shopping behaviour,
in which the weekly shopping trip to the supermarket by car is
replaced by deliveries, on demand, from the supermarket's distribu-
tion centre directly to the household, using small vans.5 This shift in
grocery shopping behaviour is due primarily to two non-transport
technological developments: the widespread availability of fast
broadband connections in people's homes, and the facility for elec-
tronic payment by credit card.
Table 2 summarises the main differences between the three socio-
technical clusters, and their implications for grocery shopping pat-
terns. As can be seen, while the use of cars for weekly grocery shop-
ping—still the dominant pattern in many more economically advanced
countries—is clearly possible due to high levels of car ownership, this5 In the UK, annual shopping trips declined by 18% between 1995/97 and 2010 [9].is a necessary but not a sufﬁcient condition. Without advances in build-
ing construction materials, global logistics and associated communica-
tions, and particularly in cooling/freezing technologies, then most
shopping trips would still be likely to be made on a daily basis to local
shops—regardless of the availability of a car.
The key lesson for transport policy development arising from this
analysis is that the fundamental changes in grocery consumption pat-
terns in favour of car-based shopping that were observed in the latter
part of the twentieth century—with major negative consequences for
sustainable transport—were the result of a combination of changes
in technologies in various non-transport sectors and associated
changes in business and social practices. So, in particular, the com-
mon late twentieth-century practice of households undertaking a
weekly (or less frequent) major grocery shopping trip by car did
not arise simply because of high levels of car ownership. This devel-
opment also depended on scale efﬁciencies in the retail sector (due
both to advances in building construction methods and in interna-
tional logistics), and the possession in each home of a refrigerator/
freezer.
Similarly, the now emergent move towards internet shopping and
home delivery is dependent not only on the development of the inter-
net and in-home broadband connections, but also the development
of credit/debit card technology that facilitates remote electronic
payment.
The implication of this analysis is that, in order to achieve major
improvements in levels of sustainable travel patterns in the future,
policy makers should be looking to encourage new forms of cross-
sector, socio-technical clusters and associated business/social prac-
tices that facilitate more sustainable patterns of behaviour in general.
Fig. 3. Socio-technical Cluster Three—emerging pattern.
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As part of the UK university-led ‘DISTILLATE’ project, which was
designed to provide local government authorities with new decision
support tools, a study was carried out in South Yorkshire to look at
the problems faced by socially disadvantaged residents in semi-
rural, ex-coalmining areas when attempting to access various kinds
of goods and services [10]. This included extensive interviews with
local residents, while another part of this study involved engaging
with the local service providers (e.g. health, education, social service,
retail, police, and public transport operators), to examine how they
planned service provision and the extent to which they were aware
of the problems that users faced in accessing their services.
One major ﬁnding from this research was that local residents suf-
fered from the fact that there was very little dialogue or co-ordination
between different service providers, as a consequence of which they
often found it difﬁcult to organise their activity/travel patterns and
suffered hardship when things did not go according to plan. For ex-
ample, children from poorer households between the ages of 16 and
18 received a government grant to encourage them to stay in full-
time education; but this grant was not paid if students arrived lateTable 2





































































homeat college, due to the delay or cancellation of their bus service. This
largely reﬂected the prevalence of ‘silo’ thinking within the different
public and private sector agencies, which was encouraged by a nar-
row organisational focus on meeting set targets—whether this was
reducing health appointment waiting times, or meeting proﬁt targets
The workshop with service providers identiﬁed the fact that there
was very little cross-sector dialogue, and no simple tools for exploring
the knock-on effects of decisions taken in one sector on other sectors,
including transport. It was recognised that a major opportunity to ad-
dress cross agency problems particularly arose at times when an
agency was planning to revise its patterns of service delivery. Were
all relevant agencies to be involved at the earliest stages of each sec-
tor's project planning, then there were felt to be opportunities to
modify proposals, at minimal cost, in order at worst to minimise ex-
ternal costs and, at best, to identify synergies that could result in
‘win-win’ outcomes for most or all of the affected agencies. It was
agreed that a simple, interactive tool would help those involved to
think through potential impacts and possible amelioration measures.
Given a lack of quantitative data on impacts, it seemed most prac-
tical and useful to develop a simple visual, qualitative tool to help to
trace through potential consequences, which might at a future date
be developed into something more quantitative and comprehensive.
The more speciﬁc objectives of the cross-sector impacts tool that
was developed to meet this requirement were to:
1. Identify the potential wider consequences for other agencies of a
decision taken by one agency; and
2. Indicate which other sectors might be impacted—beneﬁcially or
adversely—by each of the identiﬁed consequences.
The aim was to develop an exploratory tool that would enable
agencies to explore potential impacts for themselves (using either a
graphical ‘mind mapping format’ for tracing consequences, or a
more structured tabular format), or to refer to two examples that
have been developed to illustrate the kinds of direct and indirect im-
pacts on other agencies that might arise from a decision taken by one
agency, namely: school consolidation on fewer sites, and the reloca-
tion of a primary care centre.
Details of the tool are provided in Ref. [11], and an example of its
application in its visualisation ‘mind mapping’ form is shown in Fig. 4.
Fig. 4. The wider consequences of consolidating health facilities.
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• Policy change: represented by a text box with a brown border de-
scribing the overall policy change that is being considered; the
background colour shading is determined by the affected sector.
• Consequences: represented by a box with a black border and white
background to describe a consequence or consequences of the pol-
icy change; consequences are not assigned to a sector.
• Beneﬁts: represented by an oval with a green border to record a
beneﬁt associated with a consequence; the background colour is
determined by the affected sector; and
• Disbeneﬁts: represented by an oval with a red border to describe a
beneﬁt associated with a consequence; again, the background col-
our is determined by the affected sector.
Fig. 4 illustrates a range of potential consequences of a proposal to
consolidate a series of health care facilities (doctor's surgery, dental
surgery, opticians) currently located at different sites in the centre
of a small market town, into a purpose-built facility on the edge of
the built up area. This was intended to achieve a number of beneﬁts,
both for patients and for the health providers themselves, through of-
fering better health care with more modern facilities, while providing
some cost savings for the authorities.
However, the ﬁgure shows that there are also a number of poten-
tial negative consequences arising from this proposal, primarily to the
transport sector and the local business community, but also to the
health authority itself. In particular:
• The new edge-of town location would make it more difﬁcult for
people to access healthcare facilities on foot or by cycle, resulting
in far fewer doing so; while those arriving from the surrounding
area by public transport would often have to change vehicle or a
take long walk from the town centre.
• The mode share of car trips would grow, resulting in increased CO2
emissions, and possibilities of local congestion. Any signiﬁcant
switch from bus to car might threaten the viability of an economi-
cally marginal service.• Local businesses in the town centre would suffer from reduced
numbers of customers, as many people currently combined a health
visit with local shopping in the centre, and some businesses might
have to close. There would also be fewer opportunities for social in-
teraction among the remaining customers.
• Finally, there would be negative indirect effects for the health sec-
tor, through reduced physical activity resulting from the fewer
trips on foot or by bicycle, and the extra difﬁculty of getting there
for those without access to a car might result in more ‘no shows’
and provide a disincentive to book an appointment in the ﬁrst place.
It was not possible to quantify the magnitude of these various con-
sequences and, to the author's knowledge such exercises have not
been reported in the literature.
5. Encouraging cross-sector synergies
This paper has sought to argue the case that, in order to achieve a
step change in the levels of use of sustainable transport systems in the
coming years, it will be necessary to adopt a cross-sector approach,
looking to exploit new technologies and encourage changes in social
and business practices that will help to support more sustainable
travel patterns.
There are many barriers to successfully adopting this approach
[12], most of which are institutional and cultural in nature. Three spe-
ciﬁc suggestions are made in this section that would facilitate cross-
sector synergies.
First, each sector should be given direct responsibility for all the
CO2 emissions that its actions generate, not only those directly result-
ing from the sector's primary activity. In an attempt to meet interna-
tional commitments to reduce greenhouse gas emissions, many
governments have started to set sector targets, but these usually
only include the core activities delivered by each sector. In the UK,
for example, in order to meet CO2 reduction targets, each government
department has been given speciﬁc targets which become tighter
over time [13]. But this does not include all associated transport activ-
ities—the Department of Transport has its own targets that cover 76%
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the factors inﬂuencing travel behaviour lie outside its control, as dem-
onstrated in this paper.
The proposal made here is that each primary sector should take
responsibility for the CO2 emissions of all the activities it generates.
So, for example, the education sector would be responsible for the
emissions associated with the transport of its employees, pupils and
visitors, as well as the deliveries and services provided to educational
sites. While this might increase costs for particular sectors (e.g. edu-
cation or health), across government as a whole CO2-related costs
should be reduced as a result of them being assigned to the party
best able to address them. For example, school location policy might
change if the education sector had to bear the full costs of the trans-
port movements which underpin their activities.
This is not such an extreme requirement as might ﬁrst appear, and
is within the protocol for greenhouse gas accounting for the corporate
sector being developed by the World Business Council on Sustainable
Development [14]. This recognises three levels of accounting:
• Scope 1: Direct emissions associated with company plant and other
facilities, and company vehicles;
• Scope 2: Indirect from purchases of fuels, etc. for its own operations
(e.g. oil, electricity); and
• Scope 3: All the upstream and downstream emissions from activi-
ties associated with the company's operations, from raw material
extraction through to consumption and recycling, including all
goods and passenger transportation.
Some major companies are already taking wide ranging responsi-
bility for CO2 emissions directly or indirectly associated with their
operations, to a degree not typical in the public sector. For example,
the international retailer TESCO [15] has set itself the targets to:
• Halve emissions from its baseline portfolio of buildings by 2020;
• Reduce the emissions of all products sold by 30% by 2020, through
working with partners in their supply chains; and
• Helping their customers to reduce their carbon footprint by 50% by
2020.
The second proposal is that governments should separate major
policy formulation from policy delivery, making the former a cross-
sector activity. Currently, it is most common for each government
ministry to formulate as well as deliver its own policy, but this
makes it difﬁcult to deal with problems that require multi-sector so-
lutions. A more effective approach would be to formulate policy cross
sectorally, and then assign the appropriate elements of delivery to
each ministry—although to ensure delivery, accountability would
need to be audited at the cross-sector level.
One example of how this philosophy has been followed in England
is in relation to developing a cross-government initiative to tackle
obesity [16]. This document identiﬁes the crucial role to be played
by a number of government agencies, including the transport sector
through the provision of better cycling and walking facilities. But
the key problem lies in ensuring delivery.
A salutary lesson is provided by the setting up of the Social Exclu-
sion Unit by the Prime Minister in the UK, as a Cabinet Ofﬁce function
to deal with the various elements of social exclusion that were the re-
sponsibility of different government departments (education, health,
housing, social security, etc.). One of the areas of study initiated by
the SEU was an investigation of the inﬂuence of transport provision
on social exclusion [17]. The Unit recommended the development of
a multi-sector approach to Accessibility Planning, but for operational
reasons this was given to the Department of Transport to lead on. This
resulted in much emphasis being put on improving public transport
and developing modelling tools that emphasised the spatial aspects
of accessibility at the expense of other important dimensions (e.g.
cost, security, access to bus stops). More would have been achieved
if responsibility for various aspects of delivery had been explicitlyallocated to different government departments, with this being over-
seen at a higher level of government.
A recent example of another attempt by government to take a
high level, cross-sector perspective is in the appointment of a Minis-
ter for Infrastructure and Capital Investment in the Scottish Govern-
ment [18]. The minister is quoted as saying that ‘his ministerial
portfolio had been created so that the Government did not take the
“narrow departmental approach to planning our investment”, and
that this would allow decisions to be taken about where to spend
money “on housing or on roads, where the greatest beneﬁt is”’.
A more limited example of cross sector cooperation is provided by
Hamer [19], working in the UK Health Development Agency, who il-
lustrates how local authorities, the National Health Service, the crim-
inal justice system and the voluntary sector have the legal ﬂexibility
to pool resources within the Local Strategic Partnerships that were
being set up at that time, to better meet their various objectives.
The third proposal is that the strategies and schemes proposed by
different government departments/ministries should be subject to a
common cross-sector appraisal procedure, in order to assist in identi-
fying the impacts of these proposals—both positive and negative—on
the objectives that other sectors are seeking to achieve. This idea was
proposed in Jones and Lucas [20], and some preliminary work along
these lines is reported in Ref [21], where a series of transport demon-
stration projects was undertaken with the joint involvement of other
sectors, in order to maximise the cross sector beneﬁts of the initia-
tives. An appraisal framework was developed to assess the outcomes,
with sets of indicators derived from—and with the agreement of—the
transport, environment, health, education, economy and policing
sectors.
The UK Department for Transport produced a document to illus-
trate how transport measures can contribute to meeting the policy
objectives of other sectors [22], noting in the Foreward (page 1) that:
“Well planned transport services contribute to the achievement of
stronger and safer communities, healthier children and young
people, equality and social inclusion, sustainability and better
local economies”.
A recent report by the Passenger Transport Executives Group [23]
went further and argued (page 1) that “…the transport sector itself
bears the vast majority of the costs for interventions whose primary
beneﬁts accrue to other policy areas”. But neither document
addressed the question raised in this paper, as to how non-transport
sectors can contribute to achieving transport policy objectives.
6. Conclusions and recommendations
Many developed countries have made considerable progress in
encouraging more sustainable personal travel patterns, but in most
cases this has achieved little more than a stabilisation in the hitherto
growing proportions of person trips and distances made by private
car [24]. Yet many governments have aspirations to increase the pro-
portion of trips made by non-car modes, in order to meet tough CO2
reduction targets (environment), as well as to contribute to other pol-
icy objectives, such as reductions in trafﬁc congestion (transport) and
in levels of obesity (health).
This paper argues that achieving such a fundamental change in
long established car-based travel patterns is only likely to be realised
if a comprehensive cross-sector approach is adopted. Since many of
the factors that inﬂuence travel behaviour and the choices that people
are confronted with (particularly with regard to their trip rates and
their travel distances), result from decisions and inﬂuences that are
under the control of non-transport sectors—in both public and private
ownership.
Two broad approaches are suggested for achieving this aim. The
ﬁrst is more research-oriented and involves identifying cross-sector,
47P. Jones / IATSS Research 35 (2012) 41–47socio-technical clusters that might be encouraged to come together in
new forms of business and social practices to facilitate new, more sus-
tainable travel patterns. This would be coupled with the development
and application of a common, cross-sector appraisal process.
The second involves structural changes within government and
major private sector organisations, so that the goal of increased trans-
port sustainability can be realised by pooling resources and aligning
objectives across departments and sectors.6 It is recognised that, in
practice, this is likely to be quite difﬁcult to achieve, as it would re-
quire fundamental changes in power structures within government.
However, both these strategies would not only help to facilitate
more sustainable travel patterns, but would lead to wider increases
in sustainability and efﬁciency in other parts of the public and private
sectors too.
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